The purpose of this study was to establish the validity and reliability of a hydrostatic weighing method using total lung capacity (measuring vital capacity with a respirometer at the time of weighing) the prone position, and a small oblong tank. The validity of the method was established by comparing the TLC prone (tank) method against three hydrostatic weighing methods administered in a pool. The three methods included residual volume seated, TLC seated and TLC prone. Eighty male and female subjects were underwater weighed using each of the four methods. Validity coefficients for per cent body fat between the TLC prone (tank) method and the RV seated (pool), TLC seated (pool) and TLC prone (pool) methods were .98, .99 and .99, respectively. A randomised complete block ANOVA found significant differences between the RV seated (pool) method and each of the three TLC methods with respect to both body density and per cent body fat. The differences were negligible with respect to HW error. Reliability of the TLC prone (tank) method was established by weighing twenty subjects three different times with ten-minute time intervals between testing. Multiple correlations yielded reliability coefficients for body density and per cent body fat values of .99 and .99, respectively. It was concluded that the TLC prone (tank) method is valid, reliable and a favourable method of hydrostatic weighing.
INTRODUCTION
Along with the growing interest in physical fitness, an interest in body composition has also evolved. The use of body fat percentage has proven to be a useful tool in determining optimal weights for individuals.
Hydrostatic weighing (HW) is the most valid method of estimating body fat other than the actual determination of fat from cadavers. There are a variety of methods for weighing, each with certain limitations. It is imperative to have a method that provides both valid and reliable results; however, it is also important to have a method that is comfortable for the subject. The most controversial issues of hydrostatic weighing involve choice of lung volume and body position. The question of whether lung volumes should be assessed in or out of the water also merits further attention.
Residual volume (RV) is the lung volume most commonly used for determination of body density through hydrostatic weighing. Welch and Crisp (1958) determined that residual volume (RV) is the lung volume least affected by hydrostatic pressure. Goldman and Buskirk (1961) , in describing procedures for hydrostatic weighing, recommended that the subject bend forward at the waist and expire to end expiration at which time the scale was read. Katch et al (1967) felt that the devices and methods for weighing described by Goldman and Buskirk (1961) were both expensive and difficult to maintain and therefore devised a simpler method; The apparatus was built to fit in the shallow end of a swimming pool. Subjects were weighed in the prone position for nine to ten trials with the average of the last three trials being used as the "true" underwater weight. Thomas and Cook (1978) devised a similar method for hydrostatic weighing. Instead of a swimming pool, the subjects were weighed in the prone position in a large, oblong livestock tank. Residual volume was estimated from vital capacity (VC) measurements (Wilmore, 1969b) using the formulas RV = 0.24 x VC for men and RV = 0.28 x VC for women. The underwater weight was determined from the mean of the last five of ten trials.
Maximum expiration to the point of residual volume is a difficult technique, especially for individuals performing the task for the first time. With this in mind, several studies have been devoted to the task of finding a more comfortable lung volume for hydrostatic weighing that is comparable to the methods that utilise RV. Welch and Crisp (1958) compared body density measurements between maximum expiration and approximately one-half maximum expiration. A significant difference was found when comparing density units derived from the two lung volumes. The average density following maximum expiration was 0.0017 density units lower than the average density following one-half maximum expiration. It was concluded that lung volumes at one-half expiration were affected by hydrostatic pressure; therefore, body density should be measured following maximum expiration. The oxygen flush-out technique devised by Cournand et al (1941) was used to determine residual volume. However, recent evidence has shown that the measurement of RV by dilution techniques during immersion may be inaccurate (Dahlback and Lungren, 1972) . Robertson et al (1978) compared dilution and plethysmographic techniques and discovered that the dilution method underestimated residual volume by about 200 ml when the subject was submerged. Trapped air behind closed airways was assumed to be the cause of underestimation. This trapped air was not detected by the dilution method. Thomas and Etheridge (1980) suggested that the density determined from approximately one-half expiration by Welch and Crisp (1958) may be more accurate than the density determined from residual volume due to the gas trapping error. Thomas and Etheridge (1980) compared body density measurements at RV and functional residual capacity (FRC). Lung volumes were measured by a helium dilution technique (Braintree, 1967) while the subject was submerged and in the prone position. The results showed a negligible difference between per cent fat determinations by this technique and residual volume. It was therefore suggested that body density determinations from hydrostatic weighing at functional residual capacity are favourable when lung volumes can be measured during underwater weighing due to increased comfort for the subject.
The use of total lung capacity (TLC) as a lung volume for hydrostatic weighing would eliminate the problem of gas trapping (Dahlback and Lungen, 1972; Prefaut et al, 1976) . Weltman and Katch (1981) compared hydrostatic weighing at residual volume and total lung capacity. There was a small but statistically significant difference in body density; however, the differences between per cent fat determina-tions by hydrostatic weighing at residual volume and total lung capacity were negligible. The use of total lung capacity or functional residual capacity may eliminate the need for repeated underwater weighing trials because there is a smaller learning process than there is in weighing at residual volume.
Posture is another element that must be considered when determining body density. Changes in lung volumes during recumbency occur due to the elevation of the level of the diaphragm and the increase in the amount of blood reaching the pulmonary circulation (Whitfield et al, 1950) who compared lung volumes in the sitting and lying positions. The results showed a decrease in the TLC, VC, FRC, and RV during recumbency. In a more recent study, Etheridge and Thomas (1978) reported significantly lower FRC, VC, and TLC while prone on land than while seated on land. However, RV was not significantly altered by body position. Although the traditional methods of hydrostatic weighing involves weighing the subject in a seated position, numerous studies have utilised the prone position with valid results (Katch et al, 1967; Thomas and Cook, 1978; Thomas and Etheridge, 1980 
METHODS

Subjects
The subjects in this study were male (N = 42) and female (N = 38) volunteers ranging from ages 18-35 years with a mean age of 22.1 years. Two subgroups (N = 20 for each group) were used to establish the reliability of the procedure. All were required to sign an informed consent statement (approved by the West Virginia University institutional review board for the protection of human subjects) and the procedures followed guidelines for use of human subjects suggested by the American College of Sports Medicine.
For all tests, the subjects were instructed to report to the appropriate area dressed in bathing attire, and were told to refrain from eating or drinking anything for at least four hours prior to testing. They were also asked to expel any gas or faeces from the bowels and to urinate before report- (Wilmore, 1980) . This simplified method was used because it was portable, it can be used during hydrostatic weighing, and it can be completed in five minutes or less. With this method, a five litre anaesthesia bag was flushed three times with oxygen and filled with 90% of the subject's forced vital capacity. The subjects were connected to the bag via a "T"-valve and were instructed to exhale maximally to the point of residual volume. At the end of the expiration, the "T"-valve was turned so the subjects could breathe the oxygen. (Wilmore, 1969a) . After residual volume determination, subjects were then connected to the respirometer and while holding their noses, they performed a maximum inspiration followed by a maximum expiration. At the end of expiration, the respirometer tube was removed from the mouth. They then held their breath and bent forward so that they were completely submerged. Underwater weight was read and recorded. At least two trials were performed for consistency or until the forced vital capacity measurements were within one mm of the predetermined level. Forced vital capacity was determined during the residual volume technique to ensure that the subject was exhaling enough. Forced vital capacity and respirometer temperatures were recorded, and subjects then left the rope swing and the tare weight and water temperature were recorded.
Total lung capacity seated. The subjects were seated on a rope swing in the diving area of the Natatorium. A weighted belt was placed around the waist to immerse them to the neck. Forced vital capacity and residual volume were determined utilising the same procedures as previously described. While holding their nose, they then performed a maximum expiration followed by maximum inspiration. When the lungs were filled completely, the hose was removed from the mouth, the breath held and they submerged completely. Underwater weight was read and recorded. At least two trials were performed or until the forced vital capacity readings were within one mm of the predetermined level. Forced vital capacity and respirometer temperatures were recorded. The subjects then left the rope swing, and the tare weight and water temperature were recorded.
Total lung capacity prone. Total lung capacity in the prone position was administered in the diving area of the Natatorium and in a small oblong tank in the Human Performance laboratory. Subjects were instructed to lie on their stomachs on the aluminium swing, and forced vital capacity and residual volume were determined using the same procedures as discussed in the residual volume seated section. The subjects were then connected to the respirometer, and while holding their noses they performed a maximum expiration followed by a maximum inspiration. When the lungs were full, the hose was removed from the mouth. They then held the breath and submerged completely. A sufficient weight of 10-20 lbs (4-8 kg approx.) was placed on the back to ensure complete immersion. The scale was then read and the underwater weight recorded. At least two trials were performed or until the forced vital capacity at the time of weighing was within one mm of its predetermined value. Forced vital capacity and the respirometer temperature were recorded, and subjects were then instructed to leave the swing, and the tare weight and water temperature were recorded.
Hydrostatic Weighing Methods to Determine Reliability Subjects were weighed underwater in the small tank in the Human Performance Laboratory using the procedures for total lung capacity in the prone position. They performed three trials with ten minute time intervals between each trial. Data were recorded for each trial.
RESULTS
Validity of the Total Lung Capacity Prone Tank Method
Against Three Hydrostatic Weighing Methods Validity coefficients were calculated for the total lung capacity prone tank method against the residual volume seated, total lung capacity seated and total lung capacity prone methods which were administered in a pool. Correlations were calculated for the following variables: per cent body fat (%), body density (g/ml), forced vital capacity (ml), residual volume (ml) and total lung capacity (ml). Brozeck's formula (Brozeck et al, 1963) was used for calculating per cent body fat. Table I summarises the results of the statistical analysis.
A randomised complete block ANOVA was conducted on the four hydrostatic weighing methods to determine if there were any significant differences between the methods. The following variables were analysed: per cent body fat (%), body density (g/ml), forced vital capacity (ml), residual volume (ml) and total lung capacity (ml). Significant differences were found on all of the variables. Duncan's new multiple range test was employed to determine where the differences occurred. Table Ill summarises the ANOVA results. For per cent body fat, there was a significant difference between the residual volume seated pool method and each of the three total lung capacity methods. There were no significant differences between any of the latter three methods. For residual volume, there were significant differ- ences between the seated methods and the total lung capacity prone tank method as well as between the prone pool method and the prone tank method. There were no significant differences between the seated methods and the prone pool method. There were significant differences between all of the methods for both forced vital capacity and total lung capacity.
Reliability of the Total Lung Capacity Prone Tank Method
The reliability of this method was obtained by weighing the twenty subjects three times with ten-minute time intervals between each weighing. A multiple correlation coefficient was used to determine the reliability of the total lung capacity prone tank method. The results of the first weighing were used as the criterion variable. Correlations (R123) were obtained on per cent body fat (%) and body density (g/ml). Comfort of the Hydrostatic Weighing Methods After the subjects were weighed, they were asked which method was the most comfortable. Results indicated that 61 subjects preferred total lung capacity prone, 19 preferred total lung capacity seated, while none preferred residual volume seated.
DISCUSSION
The validity of the total lung capacity prone tank method was established primarily by comparing the per cent body fat (%) values of the method with three hydrostatic weighing methods administered in a pool. Validity coefficients derived from per cent body fat values were all .98 or higher. All of the correlations were highly significant (p < .01). The correlations between hydrostatic weighing at residual volume and at total lung capacity were similarly high in a study by Weltman and Katch (1981) .
The correlation coefficient for the total lung capacity prone tank: forced vital capacity measurements against the residual volume seated pool: forced vital capacity measurements was lowest at .94. This could be due to subjects being apprehensive about going under the water at residual volume and thus not exhaling enough air. The high correlations between total lung capacity prone tank: forced vital capacity measurements and both the total lung capacity seated pool (r = .99) and total lung capacity prone pool (r = .99): forced vital capacity measurements may be due to the subjects being more at ease with total lung capacity. Mean forced vital capacity was highest for the total lung capacity prone (tank) method at 4687 ml. A possible explanation for the higher mean forced vital capacity value could involve the subjects being more comfortable in a small tank where they can put their hands on the bottom to help force more air in and out. The mean residual volume was highest for the total lung capacity seated pool and residual volume seated pool methods at 1134 ml as compared with 1093 ml for the total lung capacity prone tank method and 1122 ml for the TLC prone pool method. The higher residual volume values for the seated position are in agreement with Whitfield et al (1950) . The correlation coefficient for the total lung capacity measurements between the prone tank method and residual volume seated pool method was the lowest, although it was highly significant. Again, the lower correlation could be due to the lower total lung capacity values for the residual volume seated pool method as a result of apprehension.
The high reliability coefficients of the total lung capacity prone tank method may be due to several factors involved in the method. The use of a respirometer to determine the exact amount of air inhaled at the time of weighing may enhance close duplicate measurements. The use of total lung capacity may also enhance the reliability because the subjects can hold their breath longer and submerge slowly. The slow submersion allows less water movement and thus smaller scale fluctuation allowing the experimenter to read the scale accurately.
A randomised complete block ANOVA was run on all four hydrostatic weighing methods for per cent body fat, body density, forced vital capacity, residual volume and total lung capacity. There were significant differences between the residual volume seated pool method and each of the three total lung capacity methods when per cent body I fat was evaluated. There were no significant differences between any of the lung capacity methods with respect to per cent body fat. The mean per cent body fat value was highest for the residual volume seated pool method at 1 16.34% as compared with 15.44% for the total lung capacity t prone tank method, 15.47% for the total lung capacity t seated pool method and 15.55% for the total lung capacity prone pool method. Although mean per cent body fat values were significantly different when the residual volume seated pool method was compared with the total lung capacity methods, the differences were considered to be negligible with respect to hydrostatic weighing error. Small differences in per cent body fat values between I hydrostatic weighing at residual volume and total lung capacity were also found in a study by Weltman and Katch (1981) . The lower body density values and therefore higher per cent body fat values for the residual volume seated (pool) method may have been due to the subjects being apprehensive about going under water at residual volume and therefore not expiring all the air. This thought was reinforced when significant differences were found between all of the methods with respect to forced vital capacity; since this was measured at the time of weighing, the experimenter was able to determine if subjects were inspiring or expiring enough air. The residual volume seated pool method produced the lowest mean forced vital capacity at 4328 ml. This was 7.7% lower than the mean forced vital capacity for the total lung capacity prone tank method, 2.4% lower than the mean vital capacity for the total lung capacity seated pool method and 4.4% lower than the mean forced vital capacity for the total lung capacity prone pool method. The lower forced vital capacity could cause an underestimation of residual volume at the time of weighing and thus produce an increase in per cent body fat.
The time period for reading the scale may have contributed to the higher per cent body fat values for the residual volume seated pool method. Subjects were not able to remain underwater at residual volume for as long as at total lung capacity. The shorter time period made it much more difficult to get an accurate scale reading. It is questionable whether hydrostatic weighing at residual volume is accurate for older individuals since this method is difficult even for young people to perform.
The use of total lung capacity seems to be a more comfortable method of hydrostatic weighing and it compares favourably with weighing at residual volume. Weltman and Katch (1981) reported that apprehension associated with weighing was reduced with total lung capacity. Similar findings were evident in this study. All subjects reported difficulty in performing hydrostatic weighing at residual volume.
There were no significant differences in per cent body fat values between the seated or prone lung capacity methods. It appears that either body position can be used accurately as long as lung volumes are measured in the position used for weighing.
There are several favourable characteristics of the total lung capacity prone tank method. First, its use appears to lower the apprehension of the subjects and makes it more comfortable for them. Second, and very important, the use of the respirometer to measure forced vital capacity increases the accuracy of the measurement since the amount of air inspired is recorded and also decreases the need for repeated trials because the experimenter knows if the subject has taken in enough air. Third, the use of total lung capacity gives the experimenter more time to get an accurate scale reading since subjects can remain underwater longer. Fourth, the use of a small tank is much less expensive and takes up less space than larger tanks. This makes it easier for small laboratories to obtain hydrostatic weighing equipment.
